Background-Cytomegalovirus (CMV) is the most common opportunistic infection after solidorgan transplant. Valganciclovir prophylaxis significantly reduces disease, but limited data are available on its use in children. Recently, an increase in delayed-onset CMV disease has been noted with some arguing that longer prophylaxis may decrease late-onset disease.
Cytomegalovirus (CMV) is the most common opportunistic infection after solid-organ transplant and is responsible for both direct and indirect complications. Prevention and treatment of CMV primary infection or reactivation has become increasingly important in the management of this patient population. Multiple medications have been used, and all of them have resulted in significant decreases in direct and indirect complications when compared with placebo (1) (2) (3) (4) . Ganciclovir and more recently, valganciclovir have become the standard drugs used for prophylaxis against CMV infection (2) . Valganciclovir is a prodrug of ganciclovir with improved oral bioavailability (2) . Currently, there are two main strategies used for prevention of CMV disease-"prophylaxis" and "preemptive therapy." In prophylaxis, all high-risk patients are started on antiviral medication soon after the transplant and continue it for the first 90 to 100 days posttransplantation. Preemptive therapy, by comparison, uses weekly laboratory surveillance for CMV viremia with initiation of medication only if there is active replication. Arguments in favor and against each of these strategies exist but both have been shown to prevent CMV disease (5, 30) .
Since the introduction of valganciclovir as the medication of choice for CMV prevention in adult transplant patients, an increase in the incidence of late-onset CMV disease has been noted. Some have postulated that the increased level of viral suppression seen with valganciclovir may inhibit the host's ability to mount an appropriate immune response to CMV, limiting the patient's response once prophylaxis is discontinued (2, 3, 6, 7) . Delayedonset CMV disease has been associated with increased mortality and allograft failure in the first year posttransplantation (6, 8) . Prolonging prophylaxis time to 6 months has been proposed to decrease the burden of late-onset disease, but there is still lack of consensus on this approach. Doyle et al. compared 3 versus 6 months of oral ganciclovir for prophylaxis of CMV disease in adult kidney transplant recipients. A lower risk of CMV infection was seen in the group that received 6 months of oral therapy, without significant increase in adverse effects in the first year post-transplant (9) . Major concerns related to a longer duration of prophylaxis are increased development of antiviral resistance, drug toxicity, decreased compliance, increased cost, and further delay in the incubation of CMV disease.
Although the pediatric population is at higher risk of acquiring disease because of the increased frequency of seronegative pediatric recipients receiving CMV-seropositive adult organs, there is a lack of data regarding CMV infection and the use of valganciclovir as a prophylactic agent in this population. Studies have shown significant pharmacokinetic variability depending on the child's age, weight, and creatinine clearance, suggesting that pediatric dosing should take into account those parameters and may need pharmacokinetic monitoring (10, 11) . Vaudry et al. (12) recently reported good tolerance of oral valganciclovir in a pediatric solid-organ transplant cohort (n=63) at doses based on body surface area and creatinine clearance: 11% of patients were reported as having serious adverse events, most commonly hematologic laboratory abnormalities, and no patients were found to have CMV disease. No data regarding the administration of 6 months of prophylactic therapy with valganciclovir for prevention of CMV disease have been reported in the pediatric population. At our institution, we have been using valganciclovir prophylaxis for 6 months in the pediatric renal transplant population for the past 4 years. We report retrospective data on the safety and efficacy of valganciclovir in children and the role of 6 months of therapy in the prevention of late-onset CMV disease and graft loss from this cohort of patients.
RESULTS

Patient Sample and Demographics
One hundred thirty patients received a renal transplant from January 2004 to December 2008. Of those, a total of 19 patients were excluded: 13 because they received prophylaxis with an agent other than valganciclovir, 4 moved to another state after transplantation, and 2 lost their graft within the first 24 hr after the procedure, leaving a total of 111 eligible patients for analysis. Most patients (83 [75%]) were followed up for 2 years with a mean duration of follow-up of 21.8 months (range 1.5-24 months; Fig. 1 ). Of the 111 patients, 101 (90.9%) received prophylaxis with valganciclovir with a mean duration of 5.9 months (range 0.5-24 months). Ten patients did not receive prophylaxis. Of the patients who received prophylaxis, 88 (87%) were considered to be at risk for CMV infection (39 of these were D+/R−), and 13 (13%) were not considered to be at risk (D−/R−) and received prophylaxis for unclear reasons. Sixty-seven (60%) were males, and 46% were African American. The median age at transplant was 14.5 years (range 1.4-20.4 years). Sixty-nine percent of donors and 44% of recipients were seropositive before transplant. Sixty-five percent of the transplants were from cadaveric origin ( Table 1 ). Some degree of rejection, subclinical (stable allograft function with a biopsy consistent with rejection) or clinical, was seen in 50 patients (45%) in the first 2 years posttransplantation, with 13 (12%) requiring thymoglobulin therapy. Graft loss was seen in three patients (3%), mainly due to poor compliance; none of the patients who lost their graft had a history of a positive CMV polymerase chain reaction (PCR). Posttransplant lymphoproliferative disease was present only in one patient (<1%).
CMV Infection
Thirty (27%) patients had CMV infection, and five (4.5%) had CMV disease. Disease occurred only in D+/R− recipients. Of the 30 patients with viremia, 2 patients had detectable CMV viremia before prophylaxis began, 9 patients had detectable virus while on prophylaxis (all except 1 had a positive donor), 1 patient had detectable virus the day prophylaxis ended, and the remaining 18 patients were positive for CMV after prophylaxis ended. In these patients, the median interval between the end of prophylaxis and the development of viremia was 105 days (range 27-475 days; Fig. 2 ). Of those with disease, only two (40%) received 6 months of prophylaxis, and the remaining patients discontinued therapy at 15, 16, and 87 days because of valganciclovir-induced leukopenia. In patients who received the full 24 weeks of prophylaxis, disease developed at 36 and 49 weeks after completion of therapy, whereas the patients who received shorter duration relapsed at 7, 10, and 68 weeks after stopping valganciclovir. CMV disease manifestations included fever and neutropenia (two), pneumonitis (one), gastrointestinal manifestations (one), and liver disease (one).
Relationship Between CMV Disease and Associated Risk Factors
For the analysis of potential risk factors involved in the development of CMV viremia, we considered only the 101 patients who received valganciclovir therapy. The distribution of these subjects is shown in Table 1 . Univariate analysis showed that being a seropositive donor (D+) was a risk factor for CMV disease and CMV viremia (P=0.02). The highest risk group (D+/R−) showed a similar trend (P=0.08); all patients with disease were D+/R−. In addition, thymoglobulin administration was also a risk factor for CMV viremia (P=0.04). None of the patients with CMV disease received thymoglobulin therapy. Patients with shorter periods of prophylaxis had a higher cumulative CMV viremia rate at 6 months ( Table 2) . We attempted to construct a multivariable model for development of CMV viremia. However, only donor CMV status was found to be a significant independent prognostic variable. There was no observed relationship between time to acute rejection, origin of transplant, sex, or race with an increased risk of CMV viremia ( Table 2) .
Valganciclovir-Associated Comorbidities
Valganciclovir-associated comorbidities were seen in 24% of patients (24/101). Of these, all had leukopenia; 13 (54%) of these patients presented with severe neutropenia (absolute neutrophil count <500 cells/μL). In addition, 14 of the 24 had anemia (58%). Fifteen (15%) patients stopped the medication because of these associated comorbidities.
DISCUSSION
Late-onset CMV disease is an emerging problem in transplanted patients receiving CMV prophylaxis. Official guidelines recommend 3 months of oral prophylaxis in renal transplant patients who are seronegative and are receiving an organ from a seropostive donor, and prophylactic or preemptive therapy in seropositive recipients (13) . Although a significant reduction in CMV morbidity and mortality occurred as a result of this approach, approximately 18% of patients still develop late-onset CMV disease (2) . Although the reasons for this are not clear, prophylactic therapy with a potent agent such as valganciclovir may blunt the ability of the host to mount specific CMV responses by inhibiting viral replication during this period of time. Based on the above finding, opponents of longer courses of CMV prophylaxis argue that increasing the duration of prophylaxis would just continue to postpone the onset of CMV disease, while increasing the chances of medication toxicity and resistance. Results from our study suggest that pediatric kidney transplant patients receiving prophylaxis therapy for 6 months had a low incidence of late-onset CMV disease (4.5% after 2 years of follow-up). Few studies have been conducted looking at the incidence of CMV infection in the pediatric kidney transplant population, and none of them have looked at late-onset CMV disease. In our institution, we had previously reported an incidence of CMV disease of 12.3% in our pediatric kidney transplant population in an era without CMV prophylaxis (14) . A Canadian study reported an incidence of CMV viremia and CMV disease of 35% and 9.6%, respectively (15) ; however, no real comparisons can be made between these two studies because they had different prophylactic approaches (the latter used a preemptive approach with valganciclovir and hyperimmunoglobulin administration). No data have been reported in the pediatric population looking at 3 versus 6 months of valganciclovir prophylaxis therapy and onset of CMV disease.
Among the adult literature, the incidence of late-onset disease has been reported to be approximately 8% to 12% in previous reports of patients receiving only 3 months of therapy (2, 16) . Studies comparing 3 and 6 months have suggested better outcomes with the 6-month regimen without a significant increase in toxicity and resistance. Zamora et al. (17) showed that freedom from CMV infection and disease after valganciclovir prophylaxis was greater in patients receiving more than 180 days of therapy in the lung transplant population. A study of 70 adult patients comparing 3 versus 6 months of oral ganciclovir prophylaxis documented a lower risk of symptomatic CMV disease in the 6-month group (9) . Recently, results from The Improved Protection Against Cytomegalovirus in Transplantation (IMPACT), a randomized, prospective, double-blinded study in high-risk kidney transplant recipients, showed a significant reduction of CMV disease out to 2 years posttransplantation in patients who received 200 days of valganciclovir prophylaxis compared with those who received 100 days of therapy (21.3 vs. 38.7, P<0.008) (18) .
It is known that seronegative recipients are at higher risk of developing CMV disease when receiving organs from a seropositive donor. This is extremely important in children because a greater proportion of patients are seronegative at the time of transplant when compared with adults. Donor seropositivity before transplant is an important risk factor that has been corroborated in our study. In a similar way, thymoglobulin use has been associated with an increased risk of CMV viremia. This was also confirmed in our patient population (P=0.04). There was no relationship between CMV viremia with female gender, transplant origin, or organ rejection as other studies have suggested (6) .
Other concerns related to the use of prolonged courses of prophylactic therapy compared with a preemptive approach are the development of toxicity, resistance, and increased cost. Leukopenia with or without neutropenia is the most common side effect reported with valganciclovir therapy. The combination of valganciclovir with other bone marrow suppressive medications such as mycophenolate mofetil (MMF), tacrolimus, or trimethoprim-sulfamethoxazole makes it difficult to implicate a specific drug as the sole cause of toxicity. In our patient population, we found that a 24% incidence of toxicity believed to be secondary to valganciclovir, leukopenia with or without neutropenia, and anemia were reported most frequently. Thirteen percent had severe neutropenia (absolute neutrophil count less than 500 cells/μL), leading to a decrease in dose or termination of prophylaxis. No opportunistic infections were reported as a consequence of the neutropenia. The rates of toxicity seen in our population are in the range of what has been reported in patients receiving 3 months of therapy (19, 20) . This highlights the need for close follow-up for hematologic toxicity and development of opportunistic infections in patients on valganciclovir.
There are concerns regarding development of resistance with prolonged exposure to valganciclovir therapy. CMV resistance testing is not routinely performed in our institution, but none of our patients who developed CMV disease were unresponsive to therapy with intravenous ganciclovir despite previous prophylaxis. Studies have shown a low risk of development of resistance in patients receiving 3 months of therapy (21) , but further research is needed to better define the risk in patients with longer exposures.
Cost-analysis studies have shown that routine prophylaxis is less expensive or comparable with preemptive therapy (16, 22) . Prolonging the course of prophylaxis may have an immediate impact in cost, but in the long-term, it may be less expensive if late-onset CMV disease or graft failures are prevented.
Although our study was limited because of its retrospective nature and the fact that we did not have a control group, it is the largest study in the pediatric population showing the safety and efficacy of valganciclovir prophylaxis in renal transplant patients. Our dosing strategy in addition to a longer prophylactic period resulted in a decreased incidence of both early-and late-onset CMV disease. However, a relatively high prevalence of leukopenia was still seen. Adult studies have demonstrated promising results obtaining similar levels of prevention but with less toxicity by using lower doses of valganciclovir (450 mg/day) (20, (23) (24) (25) . It is yet uncertain the degree of resistance generated with this approach, considering a longer exposure with lower levels of the medication. Further studies in pediatrics are needed to address these issues of toxicity and resistance.
Although our study was not intended or designed to compare differences among patients receiving different durations of prophylaxis, there seems to be a lower cumulative CMV viremia rate at 6 months in those patients who received longer periods of prophylaxis. Nonetheless, these results need to be interpreted with caution, and a prospective, randomized, controlled study is necessary to better address this question in the pediatric population.
In conclusion, valganciclovir prophylaxis in the pediatric renal transplant population was safe and effective in preventing CMV infection. Prolonging valganciclovir prophylaxis to 6 months may decrease the incidence of late-onset CMV disease without a significant increase in toxicity and resistance.
MATERIALS AND METHODS
Pediatric patients between the ages of birth to 18 years who underwent renal transplants at Emory University/Children's Healthcare of Atlanta between January 1, 2004 and December 31, 2008 were included in the study. The study was approved by the Institutional Review Board of Children's Healthcare of Atlanta.
Immunosuppressive Strategy
The immunosuppressive strategy used in our institution has been described previously (26, 27) . In brief, all patients received induction therapy with basiliximab and maintenance immunosuppression with prednisone, MMF, and tacrolimus. All graft recipients underwent surveillance biopsy at 3 months posttransplant. If subclinical acute rejection was present, the patient was treated with high-dose methylprednisolone. If no rejection was present, tacrolimus was discontinued, and sirolimus was started. All children continued treatment with MMF and prednisone after conversion to sirolimus.
Antiviral Prophylaxis
Patients who were seropositive or received a transplant from a positive donor were given valganciclovir for 6 months after transplantation. If a patient required thymoglobulin at any point, a minimum of 3 months of valganciclovir administration postthymoglobulin was given. Therefore, some patients received more than 6 months of therapy. Doses used for prophylaxis were 15 mg/kg per day (maximum 900 mg/day) once daily. Surveillance for CMV infection was done with PCR once monthly for the first 6 months followed by every 3 months thereafter.
Definition of CMV Infection and CMV Disease
1. CMV infection is defined as detection of CMV viral nucleic acid by PCR in body fluids or tissue specimens. Any level of detection was considered positive. CMV quantitative PCR assay was performed at Emory Medical Laboratories by previously described methodology (28) . This assay will report quantitative results if there are more than or equal to 300 copies/mL of plasma and a "low-positive" result if there are between 100 and 300 copies/mL.
2.
CMV disease is defined as isolation of CMV or detection of viral proteins or nucleic acid in any body fluid or tissue specimen by PCR or other means, in association with symptoms of CMV syndrome (fever, malaise, myalgias, and arthalgias) or end-organ disease in the lungs, gastrointestinal tract, liver, kidney, myocardium, or pancreas. Primary disease was diagnosed in patients who were previously found to be seronegative and recurrent disease in those who were known to be seropositive and had clinical symptoms and a detection of CMV by PCR or other means (29, 30) .
3.
Acute rejection: patients who presented with an increase in creatinine levels who responded to rejection treatment or those who had biopsyproven rejection (29) .
Statistical Analysis
Information on patient demographics and clinical events was identified by reviewing medical records, clinical transplant databases, clinical laboratory data, and pathology reports and was entered into a standard Excel (Microsoft, Seattle, WA) based data collection form.
Descriptive variables were analyzed and reported as means or medians. Time to CMV viremia was calculated as the time between transplant and laboratory confirmation of CMV viremia or date of last follow-up if no CMV viremia was present. Patients were followed up for a maximum of 24 months from the time of transplantation. The log-rank test was used to compare the estimates of the time to CMV viremia distribution by subgroup. Because most subgroups never achieved a median time to CMV viremia, we reported cumulative 6-month CMV viremia rate using the method of Kaplan-Meier. We used a Cox proportional hazards model to examine the relationship between covariates.
FIGURE 1.
Patient flow-chart. D, donor; R, recipient. Time to development of cytomegalovirus (CMV) viremia from transplantation. 
